Aims/hypothesis In the San Antonio Heart Study (SAHS) we investigated the effects of exposure to parental smoking on diabetes, hypertension and the metabolic syndrome in adult offspring aged 25-64 years. Subjects, materials and methods In a retrospective cohort study the parental smoking status during childhood, obtained through a postal questionnaire, determined a person's exposure status. Logistic regression models were used to calculate odds ratios for diabetes, hypertension and the metabolic syndrome at the baseline SAHS examination in relation to parental smoking status. All models were adjusted for age, sex, ethnicity, education years, personal smoking status (current, former or never-smoker), BMI and, in the case of diabetes, a family history of diabetes. Results Of the 2,371 participants who returned the mailing, 44.5, 5.4, 20.0 and 30.1% reported that their father, mother, both or neither parent smoked, respectively. Participants reporting that both parents smoked were 1.60 (95% CI: 0.95-2.69) times more likely to have diabetes, 1.55 (95% CI: 1.05-2.28) times more likely to have hypertension, and 1.46 (95% CI: 1.01-2.10) times more likely to have the metabolic syndrome than participants reporting that neither parent smoked during their childhood. Odds ratios, after limiting the population to younger participants (i.e. ≤50 years) to reduce survivor bias, were 2.53 (95% CI: 1.21-5.31), 1.29 (95% CI: 0.78-2.16), and 1.41 (95% CI: 0.89-2.22) for diabetes, hypertension and the metabolic syndrome, respectively. Conclusions/interpretation These results provide evidence that early exposure to parental smoking may be associated with an increased risk of diabetes and perhaps hypertension and the metabolic syndrome.
Introduction
Until recently, much of the research on diabetes, hypertension and the metabolic syndrome has focused on adult lifestyles, but it is now suspected that early life exposures may be important to the development of these metabolic diseases. Low birthweight has been associated with adult disorders such as type 2 diabetes, hypertension and coronary heart disease [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . According to the 'foetal origin of adult diseases' hypothesis on which these studies have been based, reduced nutrition in utero leads to adaptive changes in the foetus [15, 16] . These adaptive changes, called programming, help ensure the survival of the foetus but in an affluent environment after birth, they may have adverse effects leading to the development of obesity, type 2 diabetes and coronary heart disease [15, 16] . Smoking during pregnancy is one of the main environmental causes of intrauterine growth retardation. Children of both active and passive smokers have lower weight and length and less fat mass at birth than children of nonsmokers [17] [18] [19] [20] . Moreover, recent studies have reported an increased risk of obesity in the offspring of mothers who smoked during pregnancy [21] [22] [23] [24] [25] [26] , and a single study reported an increased risk of type 2 diabetes in the offspring of mothers who smoked during pregnancy [27] .
Recently, we collected retrospective information on parental smoking status during early childhood from members of the San Antonio Heart Study (SAHS) cohort. Participants aged 25-64 years at their baseline examination were asked to report whether their mother, father, or both parents smoked when they were a young child. Using this information, our objective was to examine whether parental smoking during early childhood and perhaps pregnancy as well, increased the risk of type 2 diabetes, hypertension or the metabolic syndrome in adult offspring who participated in the SAHS.
Subjects, materials and methods

The SAHS design and population
The SAHS cohort consists of 5,158 participants, recruited at baseline in two phases: phase 1 between 1979 and 1982, and phase 2 between 1984 and 1988. Details of the study design have been published previously [28] [29] [30] . The Institutional Review Board of the University of Texas Health Science Center at San Antonio approved the study, and all subjects gave informed consent.
Baseline SAHS cohort examination
The baseline SAHS cohort examination was standardised and included interviews, blood pressure measurements, anthropometry, fasting blood analyses and an oral glucose tolerance test. Trained interviewers obtained information on demographic variables, medical history, medication use and smoking status.
Ethnicity was defined by a validated algorithm [28] . Socioeconomic status was assessed with the Duncan socioeconomic index, a global measure based on occupational prestige [31, 32] , and by years of education. Participants were asked to fast for at least 12 h before their examination. Measurement of blood pressure, BMI, waist circumference, total and HDL cholesterol, triglycerides and plasma glucose and insulin (fasting and 2 h after a standardised 75-g oral glucose load) has been previously described [30, 33] .
Diabetes was defined as fasting plasma glucose ≥7.0 mmol/l and/or 2-h postload glucose ≥11.1 mmol/l [34] . Participants not meeting these criteria but who reported current therapy with diabetes medication (either oral or insulin) were also considered to have diabetes. Hypertension was defined as systolic blood pressure ≥140 mmHg, diastolic blood pressure ≥90 mmHg, or current treatment with antihypertensive medication. Overweight was defined as a BMI ≥25 kg/m 2 and <30 kg/m 2 , and obesity was defined as a BMI ≥30 kg/m 2 . The metabolic syndrome was defined according to the National Cholesterol Education ProgramAdult Treatment Panel III (ATPIII) criteria (MetS NCEP ). MetS NCEP was defined as having at least three of the following NCEP metabolic abnormalities [35] : fasting glucose ≥5.6 mmol/l or taking medication for diabetes [36] , abdominal obesity (waist circumference >102 cm in men, or >88 cm in women), high blood pressure (≥130/≥85 mmHg) or taking medication for hypertension, triglycerides ≥1.7 mmol/l, or low HDL cholesterol (<1.1 mmol/l in men, <1.4 mmol/l in women). Because waist circumference was not measured during the first phase of recruitment in the SAHS, the waist criterion for phase 1 participants (43%; n=1,009) was imputed using sex-specific logistic regression equations developed in phase 2 participants based on log-transformed weight, height and ethnicity. To validate our approach, we imputed waist circumference using the selected cut-points in follow-up data from phase 1 participants (1987) (1988) (1989) (1990) . Agreement between MetS NCEP -defined and imputed waist circumference criteria was high (κ statistic=0.69, 95% CI: 0.66-0.73). Agreement between MetS NCEP values based on defined and imputed waist circumference criteria was very high (κ statistic=0.91, 95% CI: 0.89-0.93).
Study population and retrospective collection of information
Of the 5,158 SAHS participants, 708 (13.7%) were dead in 2002 when the mailing was sent and 2,371 returned the postal questionnaire which asked whether their father smoked, mother smoked, both parents smoked or neither parent smoked during their childhood. Hence, the study population for the current analysis is comprised of these 2,371 individuals with a response rate among survivors of 53.3%. The parental smoking information collected retrospectively defined an individual's early life exposure status. Because many of the older SAHS participants had died by the time the retrospective questionnaire was completed, to reduce the potential for bias, a further analysis was completed limited to the 1,697 participants who were 50 years or younger at their baseline SAHS examination and who had completed the mailing. Of the 5,158 SAHS participants, 528 (32.6%) of the 1,622 SAHS participants older than 50 years at their baseline examination had died by the time of the mailing, while only 180 (5.1%) of the 3,536 participants aged 50 years or less at their baseline examination had died at the time of the mail-out. The response rate among survivors in the younger sub-cohort was 50.6%.
Statistical analyses
A retrospective cohort analysis was carried out in which parental smoking status during an individual's childhood was used to define his or her own early life exposure status. The outcomes of interest were diabetes, hypertension and MetS NCEP . Two sets of analyses were completed: the first included all participants who completed the questionnaire (n=2,371), while the second was limited to those participants 50 years or younger at their baseline SAHS examination (n=1,697).
Age-, sex-and ethnicity-adjusted means and proportions were determined for participant characteristics stratified by parental smoking status (i.e. neither smoked, father smoked, mother smoked or both smoked). Analysis of covariance was used to generate adjusted means and logistic regression was used to generate adjusted proportions.
Separate logistic regression models were used to calculate odds ratios for diabetes, hypertension and MetS NCEP in relation to parental smoking status. Three index variables were used to code the four levels of parental smoking status: neither parent smoked (reference category), only the father smoked, only the mother smoked, and both parents smoked. Covariates included in initial models for each outcome were age, sex and ethnicity. Additional covariates included in secondary and tertiary models for each outcome were years of education, personal smoking status (current, former, or never-smoker), BMI and, in the case of diabetes, a family history of diabetes. Furthermore, when an association was identified between parental smoking status and an outcome of interest, models with and without the appropriate interaction terms between parental smoking status and each covariate were compared in the younger sub-cohort (i.e. ≤50 years) to identify interactions between parental smoking status and covariates in relation to that outcome: a global p value of 0.05 across all interaction terms was used as a nominal value of statistically significant interaction.
Results
Of the 2,371 study participants who responded to the mailed questionnaire, 713 (30.1%) reported that neither parent smoked during their childhood, 1,054 (44.5%) reported that only their father smoked during their childhood, 129 (5.4%) reported that only their mother smoked during their childhood, and 475 (20.0%) reported that both of their parents smoked during their childhood.
Age-, sex-and ethnicity-adjusted means and proportions for participant characteristics stratified by parental smoking status during early childhood are displayed in Table 1 . Participants who reported that neither parent smoked during their childhood were slightly older and more likely to be Mexican American than participants who reported that both of their parents smoked during their childhood. Participants who reported that neither parent smoked were less likely to have diabetes, hypertension and MetS NCEP as adults than participants who reported that both parents smoked after adjusting for age, sex and ethnicity. Similarly, fasting glucose levels and BMI were higher in participants who reported that both parents smoked relative to the participants who reported that neither parent smoked after adjustment for age, sex and ethnicity. Total and HDL cholesterol levels were similar in individuals regardless of whether or not either or both of their parents smoked. Socioeconomic status measured by the Duncan socioeconomic index scale was lower when only the mother smoked than when neither parent smoked, while socioeconomic status measured by years of education was lower when both or either of the parents smoked than when neither parent smoked. Participants who reported that neither parent smoked were less likely to report a family history of diabetes than participants who reported that both parents smoked. Finally, participants who reported that both parents smoked were more likely to be current or former smokers than participants who reported that during their childhood neither parent smoked.
Moreover, because many of the participants were deceased (13.7%) when the postal questionnaire was sent, we examined the prevalence of diabetes, hypertension and MetS NCEP in participants 50 years or younger at their baseline examination (n=1,697). Within this younger subcohort only 5.1% were deceased at the time of the parental smoking questionnaire mailing ( Fig. 1) As expected, the prevalence of diabetes, hypertension and MetS NCEP was lower in this younger subset of the population. In this subset, after adjusting for age, sex and ethnicity, participants who reported that neither parent smoked were significantly less likely to have diabetes or MetS NCEP as an adult compared with those participants who reported that both parents smoked. Similarly, although not statistically significant, participants who reported that neither parent smoked were less likely to have hypertension as an adult compared with participants who reported that both parents smoked.
We examined the relationship between diabetes, hypertension and MetS NCEP and the four parental smoking status categories using those who reported that neither parent smoked during childhood as the referent group (Table 2) . Initially, analyses were completed in the total population. Participants reporting that both parents smoked were 1 We repeated these analyses in participants who were 50 years or younger at their baseline examination (Table 2 ).
In this subset of the population the association between parental smoking status and adult diabetes status was strengthened, while the association with hypertension was weakened somewhat and the association with MetS NCEP was unchanged. The odds ratio comparing participants who reported that both parents smoked to participants who reported that neither parent smoked was 2.53 (95% CI: 1.21-5.31) for diabetes after adjustment for all covariates including BMI and a family history of diabetes, and 1.29 (95% CI: 0.78-2.16) for hypertension and 1.41 (95% CI: 0.89-2.22) for MetS NCEP after adjustment for all covariates including BMI. There was no evidence of significant interaction between parental smoking status and covariates for any of the outcomes of interest.
Discussion
In this retrospective cohort study, adult participants aged 50 years or less who reported that both parents had smoked during their childhood were 2.5 times more likely to have diabetes, independent of their own smoking status, com- pared with participants reporting that neither parent had smoked. Moreover there was some evidence of increased rates of hypertension and the metabolic syndrome among participants who reported that both parents smoked relative to those who reported that neither parent smoked. Traditionally, epidemiological studies of cardiovascular disease and its risk factors have focused on current or recent characteristics of adult study participants. However, early life exposures are emerging as potentially important risk factors. In the current study, we use parental smoking status during the respondent's childhood as a surrogate marker of parental smoking status while the participant was in utero.
The 'foetal origin of disease' hypothesis proposes that gestational programming may critically influence adult health and disease [37] . Gestational programming is a process whereby stimuli or stresses that occur at critical or sensitive periods of development permanently change structure, physiology and metabolism, hence predisposing individuals to disease in adult life [38] . Epidemiological studies of the Dutch famine at the end of World War II provide some evidence in support of the foetal origin of disease hypothesis [39, 40] . In an initial study, 19-year-old male conscripts who had previously been exposed to famine during the first two trimesters of their intrauterine development were at increased risk of obesity [40] . In a more recent study, 50-year-old women, but not men, who had been exposed to the Dutch famine in utero had increased BMI and waist circumference [39] .
In the early 1990s Hales and Barker put forward the 'thrifty phenotype' hypothesis, which proposes that low birthweight, indicative of poor prenatal nutrition, has an effect on development that manifests itself later in life as an increased risk for a number of chronic diseases [1, 3, 37] . In support of the 'thrifty phenotype' hypothesis, studies of adults have identified an inverse association between birthweight and type 2 diabetes [1] [2] [3] [4] [5] [6] 8] , impaired glucose tolerance [1, 6] , elevated insulin levels [6] , hypertension [7] [8] [9] [10] [11] , and cardiovascular disease [12] [13] [14] 37] . Hence, although birthweight is a non-specific measure of foetal nutrition during pregnancy, it has been shown to be associated with adult disease.
Maternal smoking during pregnancy, as well as exposure to environmental tobacco smoke, is known to affect the intrauterine supply of nutrients and oxygen and is well known to result in lower birthweight babies; however, few studies have examined the relationship between intrauterine exposure to smoke and adult disease. A number of recent studies have reported an association between maternal smoking status during pregnancy and childhood obesity [20] [21] [22] [23] [24] [25] [26] [27] 41] . The largest of these studies, a study of 8,500 German children aged 5-7 years, reported a 2.8% prevalence of obesity (defined as a BMI greater than the 97th percentile) in offspring of mothers who never smoked compared with a 6.2% prevalence of obesity in offspring of mothers who smoked throughout pregnancy [23] . We know of only a single study which has examined the association between maternal smoking during pregnancy and adult obesity [27] . This study of a British longitudinal birth cohort of over 11,000 participants aged 33 years, reported an odds ratio for obesity (defined as a BMI ≥30 kg/m 2 ) of 1.38 (95% CI: 1.07-1.69) among participants whose mothers smoked heavily during pregnancy, compared with those with non-smoking mothers [27] .
Even fewer studies have examined the association between maternal smoking status and hypertension or diabetes. A few studies have examined the association between maternal smoking during pregnancy and childhood blood pressure levels [41] [42] [43] . Results from these studies are inconsistent, with a study of 3,360 British children aged 5-7 years finding no association between maternal smoking and childhood blood pressure levels [43] , but a prospective cohort study of 1,708 pregnant women and their singleton offspring reporting a positive association between maternal smoking status and increased systolic blood pressure at age 6 independent of birthweight [41] . Finally, the previously stratified by parental smoking category adjusted for age, sex and ethnicity in the total study population (empty bars) and in participants aged less than 50 years (filled bars). *p<0.05, **p<0.01 vs neither smoked category within each study population mentioned British longitudinal birth cohort of 11,000 participants aged 33 years reported an odds ratio for diabetes of 4.6 (95% CI: 1.8-11.4) comparing participants whose mothers smoked heavily during pregnancy with participants with non-smoking mothers [27] . There are several possible mechanisms that may explain our observed associations between parental smoking status during early childhood and the subsequent development of diabetes, the metabolic syndrome and possibly hypertension in adult offspring. Intrauterine exposure to both active and passive smoking is associated with low birthweight [17] [18] [19] [20] ; hence, low birthweight may mediate the association between exposure to cigarette smoke in utero and diabetes as an adult. Alternatively, is has been suggested that persistent effects of the intrauterine environment may be greatest on tissues that are almost completely developed and differentiated at birth, such as pancreas, muscle and adipose tissue. Interestingly, many of these tissues are likely to play a role in the development of diabetes and the metabolic syndrome. For instance, poor foetal growth has been associated with a reduced number of beta cells [44] , and studies have indicated that individuals who are thin at birth are at increased risk of insulin resistance as adults [45, 46] . Finally, intrauterine exposure to cigarette smoke may affect hypothalamic appetite control centres either directly [47, 48] or indirectly as a result of undernutrition in utero [49, 50] , and dysfunctional appetite control is likely to influence the energy imbalance that often precedes the development of the metabolic syndrome and diabetes.
While the majority of previous studies have examined the association between maternal smoking status during pregnancy and childhood obesity in the offspring, our intent was to examine the association between parental smoking status during early childhood and metabolic diseases in adult offspring. Moreover, our aim was to determine whether obesity in the offspring mediated or modified any observed associations between parental smoking status and metabolic diseases in adult offspring. Interestingly, adjusting for BMI attenuated the odds ratios of interest only slightly. For each metabolic disorder, comparing participants who reported that both parents smoked with those who reported that neither parent smoked, the odds ratios were attenuated by no more than 10% with one exception-for the metabolic syndrome in the younger sub-cohort the odds ratio was attenuated by 15%. Additionally, we did not find evidence that obesity (defined as a BMI greater than or equal to 30 kg/m 2 ) modified the association between parental smoking status and adult metabolic disorders; however, we had limited power to detect such an interaction. Hence, our observed associations between parental smoking status and adult metabolic disorders appear relatively independent of obesity levels in the offspring.
A number of confounders, including a participant's personal smoking status and socioeconomic status, may contribute to the observed association between parental smoking status and metabolic disorders in adult offspring. Adjusting for these potential confounders attenuated the Model 2 is additionally adjusted for socioeconomic status as defined by years of education and personal smoking status (current, former, or never-smoker) c Model 3 is adjusted for the factors in Model 2, as well as BMI and, in the case of diabetes, family history of diabetes odds ratios of interest only slightly; however, we cannot rule out the possibility that residual confounding may have accounted for the observed associations. Familial environment is another confounder that may account for the observed associations. Familial environment during childhood is strongly associated with personal behaviour as an adult and parental smoking status is only one component of familial environment during childhood. For instance, the association between parental smoking status and metabolic disorders in adult offspring may be explained by an association between parental smoking status and poorer diet or less exercise during childhood, which is perpetuated in the lifestyle of the adult. However, if familial environment confounded the relationships of interest we would expect a participant's personal smoking status, socioeconomic status and BMI to significantly attenuate the odds ratios of interest. This was not the case in our analyses. Finally, information on a participant's birthweight would enable us to examine whether birthweight itself mediated the observed associations between parental smoking status and metabolic disorders as an adult. Unfortunately, information on birthweight was available for only a very small subset of participants for whom we had information on parental smoking status. However, in a previous publication of 582 SAHS participants, lower birthweight was associated with higher fasting insulin levels, greater truncal fat deposition and higher odds of having the insulin resistance syndrome [2] .
Our study has a number of limitations. Adult participants were asked to recall whether or not their parents had smoked during the respondents' childhood. Hence, not only was information on parental smoking status collected retrospectively but parents' smoking status was reported by their offspring. Moreover, because few participants would have specific knowledge of whether their parents smoked while they were in utero, we asked about parental smoking status during the respondent's childhood, which is also likely to reflect in utero exposure. Because participants were born before the public health warnings about the dangers of smoking during pregnancy, between 1915 and 1962, and because individuals usually start smoking at a young age we believe that parental smoking status is unlikely to have changed between a participant's time in utero and his or her childhood, especially when the smoking status of mother and father is concordant. Furthermore, any resulting misclassification is likely to be non-differential with respect to the child's disease status as an adult and would therefore bias the estimates of association towards the null. A second limitation of the study is that we do not have information available to quantify the level of parental smoking; hence, we are unable to examine dose response. A third limitation of our study is that we only have information on parental smoking on 46% of the original cohort, which may affect the generalisability of our study. In the total population men and women were equally likely to return the postal questionnaire, but Mexican Americans (39%) were less likely to return it than non-Hispanic whites (59%). Furthermore, participants who returned the mailing were of a similar age but had more years of education than participants who failed to return the mailing (13.7 vs 10.7 years of education). Finally, because the information on parental smoking status was collected years after the initiation of the SAHS, survival bias may be influencing our results. However, we have attempted to account for survival bias by limiting the study to participants aged 50 years or younger at their clinical examination.
In summary, our results provide evidence that in a population of Mexican Americans and non-Hispanic whites, the risk of diabetes, the metabolic syndrome and possibly hypertension may be influenced by early exposure to parental smoking. Additional research is required to determine the impact of early life exposures on adult disease.
